Background {#Sec1}
==========

Gastric cancer ranks third in cancer-related mortality both worldwide and in China \[[@CR1], [@CR2]\]. Annually, there are over one million new cases of gastric cancer and 800,000 gastric cancer related deaths worldwide \[[@CR1]\]. Even after radical surgery and adjuvant chemotherapy, the risk of local recurrence and distant metastasis remains high.

For patients with advanced gastric cancer (AGC), palliative chemotherapy could delay disease progression and increase the quality of life. Chemotherapy based on fluorouracil or platinum is the standard first-line therapy \[[@CR3], [@CR4]\]. Even after receiving first-line chemotherapy, the gastric cancer continues to progress and metastasize. Researchers reported that 20--70% patients with refractory AGC accepted the second-line treatment \[[@CR5]--[@CR7]\]. However, there are no standards or uniform guidelines about second-line chemotherapy regiments for AGC, and the optimal second-line chemotherapy choice remains controversial.

Several clinical trials showed irinotecan monotherapy, used as second-line treatment, significantly increased overall survival (OS) and progression-free survival (PFS), when compared to supportive care \[[@CR8], [@CR9]\]. Whether irinotecan-containing doublet is more beneficial than irinotecan monotherapy is a crucial question for researchers. However, the conclusions were not consistent. Higuchi K's study reported that irinotecan combined with cisplatin improved PFS compared to irinotecan monotherapy and was more effective for PFS in AGC (PFS 3.8 versus 2.8 months, *P* = 0.039) \[[@CR10]\] and for OS in intestinal-type AGC (OS 15.8 versus 14.0 months, *P* = 0.019) \[[@CR11]\]. Satoh T's study showed that in 5-fluorouracil-refractory AGC patients, irinotecan combined therapy was not superior to irinotecan monotherapy in terms of PFS. However, the study showed potential improvements in PFS and OS in the EGFR 2+/3+ subgroup (PFS, 118.5 versus 59.0 days; OS, 358.5 versus 229.5 days) \[[@CR12]\]. Meanwhile, some studies have shown that irinotecan-containing doublet did not bring significant clinical benefit compared to irinotecan monotherapy \[[@CR13], [@CR14]\]. Therefore, we performed a systematic analysis to compare the efficacy and safety of irinotecan-containing doublet to irinotecan monotherapy as the second-line treatment for AGC.

Methods {#Sec2}
=======

Literature search plan {#Sec3}
----------------------

The systematic assessment was performed according to Preferred Reporting Items for Systematic Reviews and Meta-analysis criteria \[[@CR15]\]. Two researchers (L.L. and Y.L.T) separately searched EMBASE and Medline. The keywords were "Gastric Cancer OR Gastric Neoplasm OR Gastric Carcinoma OR Gastric Cancers OR Gastroesophageal Junction Adenocarcinoma" AND "CPT-11 OR CPT 11 OR Irinotecan" AND "Refractory OR Second-line".

The following were the inclusion criteria: (1) Phase II/III randomized controlled clinical trials (RCTs) or retrospective study; (2) Pathological diagnosis of AGC or gastroesophageal junction cancer; (3) ECOG scales 0 to 2; (4) First-line fluorouracil-containing chemotherapy failed; (5) Second-line treatment regimen was irinotecan-containing doublet versus irinotecan monotherapy.

Data collection and quality assessment {#Sec4}
--------------------------------------

The following information were included in this manuscript: first author, country, publication year, experimental design, number of patients, treatment regimen, hazard ratio (HR) and 95% confidence intervals (CIs) of OS and PFS, and the number of all grade/grades 3--4 adverse events. Two researchers (L.Y.Y and Z.H.C) assessed the risk of bias for individual studies according to Cochrane Collaboration's tool. The following factors were evaluated: random sequence establishment, assignment concealment, blinding of subjects, blinding of results assessment and other bias. According to description of the text, each domain was divided into high risk, unclear risk and low risk.

Data synthesis {#Sec5}
--------------

STATA Statistical Software (Stata Corp., College Station, TX, USA, Version 12.0) was applied to conduct the analysis. The heterogeneity of each analysis was accessed by Chi-square test. The fixed effect model was applied when there was no heterogeneity between studies; on the contrary, the random effect model was used in the presence of heterogeneity. The combined effect of the overall response rate (ORR), disease control rate (DCR) and the incidences of toxicities were represented by risk ratio (RR). For ORR and DCR, RR \> 1 indicated irinotecan-containing doublet was more effective than irinotecan monotherapy; for toxicities, RR \> 1 indicated more adverse effect occurred in irinotecan-containing doublet group. To assess publication bias, Begg's and Egger's test were used.

Results {#Sec6}
=======

Selection of the trials {#Sec7}
-----------------------

A total of 456 articles were obtained by searching the database initially. Three hundred forty-three publications were excluded by checking title and abstract. One hundred five articles were excluded after reading full text, due to no outcome of interest, repeat reports, and no second-line treatment. Finally, Seven studies \[[@CR10]--[@CR14], [@CR16], [@CR17]\] including 905 cases met the inclusion criteria. The characteristics of the including studies were shown in Table [1](#Tab1){ref-type="table"}. The selective flow chart was shown in Fig. [1](#Fig1){ref-type="fig"}.Table 1Characteristics of the eligible studies included in the systematic assessmentAuthor and YearStudy designAreaStudy armsNumber of patientsmPFS(m)mOS(m)ORR(%)DCR(%)Higuchi K 2014 \[[@CR10]\]phase III clinical trialJapanirinotecan+cisplatin643.810.722.075.0irinotecan632.810.116.054.0Nishikawa K 2015 \[[@CR11]\]phase III clinical trialJapanirinotecan+cisplatin824.613.917.069.0irinotecan814.112.716.065.0Oba M 2011 \[[@CR17]\]retrospective studyJapanirinotecan+cisplatin422.79.820.054.3irinotecan922.688.154.1Satoh T 2015 \[[@CR12]\]phase II clinical trialJapan and Koreairinotecan+nimotuzumab402.48.318.447.4irinotecan432.87.710.346.2Sym SJ 2013 \[[@CR13]\]phase II clinical trialKoreairinotecan+ 5-fluorouracil3036.720.056.7irinotecan292.25.817.248.2Tanabe K 2015 \[[@CR14]\]phase II/III clinical trialJapanirinotecan+S11453.88.89.048.0irinotecan1483.49.59.053.0Ueda A 2013 \[[@CR16]\]retrospective studyJapanirinotecan+mitomycin C223.99.619.086.0irinotecan243.78.710.062.0Fig. 1PRISMA flow diagram depicting the exclusion and inclusion of clinical trials in the systematic assessment

Assessing risk of bias {#Sec8}
----------------------

Cochrane risk-of-bias tool was used to assess the quality of the included study. The concrete contents of the risk-of-bias assessment were shown in Fig. [2](#Fig2){ref-type="fig"}. Two studies \[[@CR16], [@CR17]\] were retrospective, and the other five trials were open-labeled RCTs, which might negatively impact bias. Overall, the methodological quality of the studies was relatively satisfactory and fair.Fig. 2Risk of bias of the included studies

Efficacy {#Sec9}
--------

As shown in Fig. [3](#Fig3){ref-type="fig"}, five RCT studies reported the data of HR and 95% CIs for OS and PFS. There was no significant heterogeneity among the studies, so analysis was conducted by fixed effect model (OS: I^2^ = 0.0%, *P* = 0.907; PFS: I^2^ = 0.0%, *P* = 0.878). Meta-analysis demonstrated that irinotecan-containing doublet significantly prolonged PFS compared to irinotecan monotherapy (HR = 0.82, 95% CI: 0.70--0.95). The OS was not significantly improved in irinotecan-containing doublet group (HR = 0.94, 95% CI: 0.81--1.10).Fig. 3Comparison of OS and PFS between irinotecan-containing doublet versus irinotecan monotherapy

All the seven studies reported the ORR and DCR. Chi-square test showed that I-squared was 0.0% for ORR and 21.7% for DCR, so the fixed effect model was applied. ORR and DCR were not significant improved in irinotecan-containing doublet group compared to irinotecan monotherapy group (ORR: HR = 1.35, 95% CI: 0.95--1.92; DCR: HR = 1.08, 95% CI: 0.95--1.22) (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4Comparison of ORR and DCR between irinotecan-containing doublet versus irinotecan monotherapy

In the seven studies, the combined regimens in six studies were irinotecan and cytotoxic chemotherapy. Therefore, we conducted the subgroup analysis of irinotecan plus cytotoxic chemotherapy versus irinotecan monotherapy. As shown in Fig. [5](#Fig5){ref-type="fig"}, four RCT studies reported the data of HR and 95% CIs for OS and PFS. The results showed that irinotecan-containing double cytotoxic chemotherapy significantly improved the PFS (HR = 0.81, 95% CI: 0.69--0.96). However, there were no significant differences in ORR (HR = 1.30, 95% CI: 0.90--1.88), DCR (HR = 1.08, 95% CI: 0.95--1.23), and OS (HR = 0.94, 95% CI: 0.80--1.11) between the two groups (Figs. [5](#Fig5){ref-type="fig"} and [6](#Fig6){ref-type="fig"}).Fig. 5Comparison of OS and PFS between irinotecan combined cytotoxic chemotherapy versus irinotecan monotherapyFig. 6Comparison of ORR and DCR between irinotecan combined cytotoxic chemotherapy versus irinotecan monotherapy

Safety {#Sec10}
------

All the seven studies reported ≥ Grade 3 toxicities. In general, these adverse effects were manageable and tolerable in both groups. Since there were no significant heterogeneities among the studies, the meta-analysis was conducted by fixed effect model. The incidences of ≥ Grade 3 neutropenia (RR = 1.23, 95% CI: 1.01--1.51) and anemia (RR = 2.00, 95% CI: 1.37--2.91) were significantly increased in irinotecan-containing doublet group when compare to irinotecan monotherapy group. For other ≥ Grade 3 toxicities, the differences between the two groups were not significant. The related results were shown in Fig. [7](#Fig7){ref-type="fig"} and Table [2](#Tab2){ref-type="table"}.Fig. 7Comparison of ≥ Grade 3 toxicities between irinotecan-containing doublet versus irinotecan monotherapyTable 2Comparison of ≥ Grade 3 toxicities rates between irinotecan-containing doublet versus irinotecan monotherapyAdverse eventsIrinotecan-containing doublet event/total (%)Irinotecan monotherapy event/total (%)Neutropenia142/425 (33.4)128/483 (26.5)Anemia68/425 (16.0)36/483 (7.45)Thrombocytopenia9/395 (2.3)9/454 (2.0)Diarrhea17/425 (4.0)22/483 (4.6)Nausea21/373 (5.6)25/430 (5.8)Vomiting6/267 (2.2)8/272 (2.9)Anorexia47/425 (11.0)50/483 (10.4)Fatigue16/395 (4.1)17/454 (3.7)

Publication bias {#Sec11}
----------------

There were no publication bias for OS (Egger's test, *P* = 0.530; Begg's test, *P* = 0.462) and PFS (Egger's test, *P* = 0.760; Begg's test, *P* = 0.462). Similarly, there were no publication bias for the ORR (Egger's test, *P* = 0.546; Begg's test, *P* = 1.000) and DCR (Egger's test, *P* = 0.503; Begg's test, *P* = 0.548).

Discussion {#Sec12}
==========

As second-line treatment, whether irinotecan-containing doublet is more beneficial than irinotecan monotherapy for AGC has been a controversial question. Regarding this topic, our meta-analysis showed that irinotecan-containing doublet did not significantly prolong OS or improve ORR and DCR compared to irinotecan monotherapy. However, PFS was significantly prolonged in the combined treatment group. Meanwhile, subgroup analysis showed the similar results. These results were not very consistent with previous results reported by Zhang et al., which stated that cytotoxic doublet chemotherapy did not significantly benefit PFS, OS and ORR when compared to cytotoxic monotherapy \[[@CR18]\].

Despite the negative results of OS, there was significant improvement of PFS brought by the irinotecan-containing doublet treatment. There are many factors causing the results: (1) The treatment regimens in the seven studies were not identical, which included irinotecan plus cisplatin/5-FU/S1/ mitomycin C/nimotuzumab. The synergistic and antagonistic effects of combined treatment may lead to different efficacy. Studies reported that irinotecan acted synergistically with cisplatin/5-FU/mitomycin C, which might contribute to the extension of PFS \[[@CR19], [@CR20]\]. (2) Some patients enrolled received the post-treatments, which might affect OS but not PFS. (3) The pathologic subtypes might influence the results. Irinotecan combined with cisplatin was reported to be more effective for intestinal-type gastric cancer \[[@CR11]\], which gave us a clue that the researches based on pathological stratification might bring more accurate results. (4) The Karnofsky score for the patients at enrollment might influence the results. The patients in good physical condition might take the full treatment and tolerate more toxic side effects, which might bring benefit for PFS. (5) Ethnic and regional differences might influence the results. In the ToGA study, trastuzumab markedly influenced the survival of patients in South America, despite the fact that more than 50% of study subjects were Korean and Japanese patients \[[@CR21]\]. Similarly, in the AVAGAST study, bevacizumab did not influence the survival in Asia, but it markedly improved survival in the Pan-Americans \[[@CR22]\]. All the data in our meta-analysis come from Japan and Korea, so the result had one-sidedness and data from other regions is worth anticipated. (6) Biomarker-directed therapy is very important for efficacy and safety \[[@CR23]\]. The patients with UGT1A1\*6 and UGT1A7\*3 were prone to severe neutropenia, and the patients with UGT1A9\*1b were prone to severe diarrhea. Biomarkers will help distinguish the optimal patients receiving irinotecan. (7) The small sample size of several studies might result in inadequate statistical power to find the OS difference.

In our study, only one research involved the combination of targeted agents and irinotecan \[[@CR12]\]. There was no superiority of PFS when nimotuzumab combined with irinotecan compared to irinotecan alone in 5-fluorouracil-refractory AGC patients. However, the combination therapy significantly improved PFS and OS in the EGFR 2+/3+ subgroup \[[@CR12]\]. The precise of pathological stratification is manifested once again. Recent studies showed that ramucirumab was superior to the best supportive care in AGC \[[@CR24]\], and a double-blind, phase III RCT revealed the ramucirumab combined with paclitaxel significantly improved OS and PFS when compared to paclitaxel alone as second-line choice for AGC \[[@CR25]\]. These results indicate that more clinical trials involving targeted agents combined with irinotecan versus irinotecan monotherapy are needed.

The adverse effects of chemotherapy were inevitable. A complete evaluation of chemotherapy should integrate anti-tumor effects and adverse reactions. Our meta-analysis showed irinotecan combined regimen significantly increased the incidence of neutropenia and anemia, but it had no significant influence on the incidence of thrombocytopenia, diarrhea, nausea, vomiting, anorexia and fatigue. Neutropenia is controllable during chemotherapy. However, the physical condition of the patient before combined chemotherapy is still critical. UGT1A1\*6, UGT1A7\*3 and UGT1A9\*1b should be monitored regularly to avoid the incidence of the severe neutropenia and diarrhea. Anemia, especially severe anemia, is relatively a more serious problem than neutropenia, so the patients with anemia should be cautious while receiving irinotecan-containing doublet treatment. An appropriate dose of irinotecan could reduce the incidences of toxic effects.

Conclusions {#Sec13}
===========

In summary, irinotecan-containing doublet improved PFS compared to irinotecan monotherapy, and it was tolerable as second-line chemotherapy for AGC. However, it did not demonstrate an OS benefit. There is an urgent need for predictive biomarkers and pathological classification to guide the selection of patients. The optimal time, dosage and population are also important to explore the real therapeutic value of irinotecan-containing doublet treatment. Large-scale RCT studies will provide more precise answers.
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